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1 
This invention relates to. a method‘ for making 

puri?ed sodium chloride brine from impure solid 
rock salt, the principal impurities of which are 
sulfate salts of signi?cant solubility under the 
conditions of preparation of the brine. 
In the ammonia-soda process for the manu 

facture of sodaash from sodium chloride; the sul 
fate ion content of the sodium chloride brine em 
ployed as a principal raw material thereof con 
tributes to the fouling of process liquor lines and 
other equipment by reason of the deposition of 
‘insoluble calcium sulfate upon the surfaces of 
such equipment with which they process-solutions 
come in contact. In the manufacture of caustic 
soda by the electrolytic method, wherein a. sodi 
um chlorinev brine is decomposed electrolytically 
to. form chlorine, hydrogen, and caustic soda,,the 
sulfate ion content of the brine contributes‘ ma 
terially to the erosion of the carbon- electrodes of 
the electrolytic cells. 
The brine used in these processes is prepared 

by bringing water into dissolving contact with a 
body of impure sodium chloride, such as rock 
salt, usually in‘ the form of a. deposit many hun 
dreds of feet below the earth’s surface ;. although 
in those manufacturing operations, which do not 
have a salt deposit readily accessible, the brine is 
prepared by placing granulated salt in large dis 
solving tanks and bringing water into. dissolving 
contact with the salt in the tanks. The so 
prepared brine is obtained as a substantially 
saturated aqueous solution of sodium chloride 
containingminor but significant amounts of other 
salts, such as magnesium chloride, calcium. sul 
fate, sodium sulfate, and magnesium sulfate,.also 
dissolved therein. The removal of calcium and 
magnesium ions from the brine has heretofore 
been generally effected-by ?rst making the brine 
slightly alkaline, as by adding thereto an amount 
of lime (.CaO) or alkali. metal. hydroxide. The 
precipitate-of magnesium hydroxide is allowed to 
settle and is-separated by decantation. There 
after, the calcium ions remaining in the brine'are 
precipitated by‘ carbonating the brine with sodi 
um or ammonium carbonate in order to effect a 
precipitation ‘of insoluble calcium- carbonate. 
The insoluble calcium carbonate is readily sep 
arated from the remainder of the. brine solution 
by settling and/or ?ltration. This method of 
purifying a brine solution does not decrease the 
sulfate ion concentration of the brine appreciably 
and the sulfate ions, when carried'over into the 
chemicali process for the production of sodaash 
orqinto. the. electrolytic cells of‘ the, electrolytic 
process for the manufacture ~ of- caustic-sodaand 
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2 
chlorine by; the electrolysis of brine, deleteriously 
affect the ‘process equipment. 
The effects of appreciable sulfate ion concen 

tration in the. brine are most apparent in that 
part of the, ammonia-soda process commonly re 
ferred to as the “ammonia still.” In the am 
monia still, a feed liquor consisting principally of 
ammonium chloride, ammonium carbonate and 
bicarbonate,_ and sodium bicarbonate is fed to the 
top of a decomposing tower, where it is brought 
into direct contact with live. steam, thereby to 
decompose the ammonium-carbonate and bicar 
bonate to ammonia and carbon dioxide. As the 
feed liquor. falls. through the tower‘ from the sec— 
tion in which the’ ammonium carbonate and bi 
carbonate is decomposed, it is mixed with a hot 
solutionbf milk of lime in what is commonly 
termed-the “limesection” of the ammonia still. 
In this portion of the ammonia still, the alkaline 
milkof lime. reacts with the ammonium chloride 
to form ammonia and calcium chloride respec 
tively. .Appreciable: sulfate ion concentration in 
the liquor fed- to the ammonia still causes rela 
tively copious precipitation of calcium sulfate in 
the lime section. of the still, which may be due 
in part to the temperature of the liquor in‘view 
of the‘ high concentration of calcium ions there 
in, since calcium sulfate is less soluble in hot 
:aqueous media. than in cold aqueous media. In 
any case, gradual deposition of a heavy, stone 
-like-,. monolithic layer of calcium sulfate ensues 
in the lime section of the: still, which layer must 
be manually dislodged periodically, for example, 
every 80'to 100 days. Removing the stone-like 
deposit of calcium sulfate from the lime section 
of theammonia still is a costly and time-consum 
ing operation involving many-man hours of labor 
and loss of the use of equipment. The problem 
of. economically decreasing the causal sulfate ion 
concentration of the salt brine fed to the process 
to‘ a. point where the accumulation of the calcium 
sulfate deposit. is eliminated or materially less 
ened, ‘has not heretofore beensatisfactorily 
solved. 

One- of .the objects of the. presentv invention is 
to: provide a method for precipitating insoluble 
‘magnesium hydroxide and simultaneously there 
with to inhibit the dissociation of sulfate salts 
during the step of dissolving rock salt to obtain 
abrine. solution. This is in marked contrast to 
the prior art methods consisting ?rst, in dissolv 
ing the rock salt and soluble magnesium and cal 
cium; compounds along with appreciable amounts 
of soluble: sulfate compounds, and. subsequently, 
after. obtaining.- thex'brlne, precipitating insoluble 
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magnesium hydroxide and calcium carbonate in 
a separate operation, while allowing soluble sul 
fate compounds to be carried through the process. 
Another object of the present invention is to 

precipitate insoluble magnesium hydroxide and 
inhibit the solution of calcium sulfate during the 
dissolution of the rock salt, whereby these impuri 
ties remain behind at the locus of the brine mak 
ing step, and the multiple step method of puri 
fying the brine thereafter is eliminated. 

Messrs. F. K. Cameron and J. M. Bell have re 
ported in J. A. C. S., vol. 28 (1906), at pages 1220 
to 1222, the results obtained from an investigation 
of the compositions of aqueous solutions of gyp 
sum, to which lime had been added, and compo 
sitions of aqueous solutions of lime, to which gyp 
sum had been added, no other salts being pres 
ent in the system. The further system of solutes 
consisting of calcium hydroxide-calcium sulfate 
sodium chloride in water solution has now been 
investigated for concentrated sodium chloride 
brine and it has ‘been found that the combina 
tion of calcium hydroxide and sodium chloride 
in solution represses materially the solubility of 
calcium sulfate and does so'to a greater extent 
than does a solution of calcium hydroxide alone. 
I am able to make use of this ?nding in the 
method of the present invention and obtain from 
rock salt contaminated with soluble magnesium 
salts, calcium sulfate and other appreciably sol 
uble sulfate salts, a highly puri?ed brine. 
The method of the present invention includes 

the steps of contacting a body of impure, solid 
sodium chloride with a solution of calcium hy 
droxide in water, removing the salt solution thus 
formed from contact with said solid sodium chlo 
ride, precipitating calcium ions from said salt so 
lution, and separating the precipitate from said 
salt solution. , 

In accordance with the method of the present 
invention, a solution of calcium hydroxide, which 
is suitably prepared by hydrating ordinary lime 
(CaO) and normally contains the equivalent of 
about 1.2 gms. per liter of calcium oxide, is 
brought into dissolving contact with solid, impure 
rock salt at a dissolving situs. Where the rock 
salt from which the brine is made contains sig 
ni?cant amounts of soluble magnesium com 
pounds, for example, more than (Ll-0.2% as mag 
nesium, a slurry of hydrated lime having a cor 
respondingly greater equivalent CaO concentra 
tion is employed. The dissolving situs may in 
some instances ‘be an underground deposit of 
salt, such as that found in the Great Lakes region 
of the United States, or it may be a large tank 
or vessel in which granulated or so-called rock 
salt is placed, As the sodium chloride in the 
rock salt begins to dissolve away, the usual in 
soluble impurities, such as silica, clay, and some 
calcium sulfate remain behind. Insoluble pre 
cipitates of magnesium hydroxide, derived from 
soluble magnesium salts in the rock salt, as well 
as insoluble calcium sulfate formed from the cal 
cium ions in solution in the dissolving water and 
from the soluble sulfate salts present in the rock 
salt deposit, are also formed and remain behind. 
When the solution of the sodium chloride in the 
salt deposit is effected underground, the precipi 
tates of magnesium hydroxide and calcium sulfate 
are deposited as a mass of mud situated at the 
base of the mine cavity. Similarly, when the salt 
is dissolved in large dissolving tanks from a mass 
of granulated rock salt crystals, the method of 
the present invention may be so employed as to 
leave the deposit of the insoluble materials be 
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4 
hind in the dissolving tank, from which such in 
soluble materials in the form of mud may readily 
be removed. 
A substantially saturated sodium chloride brine 

is removed from dissolving contact with the salt, 
whether the dissolution is carried out in an un 
derground deposit or in a dissolving tank, and is 
thereafter treated with a calcium precipitatingr 
agent, such as alkali metal or ammonium ox 
alates, phosphates, carbonates, and the like. For 
economic reasons, the brine solution is preferably 
carbonated with an alkaline carbonate material, 
such as sodium carbonate or ammonium car 
bonate, in order to effect the precipitation of the 
residual calcium ions remaining in the brine so 
lution. The insoluble calcium precipitate thus 
formed may readily be removed from the brine 
solution either by settling or by ?ltration after 
a lapse of time suilicient to insure substantially 
complete precipitation. The thus prepared so 
dium chloride brine is then ready to ‘be fed to a 
chemical process for the manufacture of soda ash 
or to an electrolytic process for the preparation 
of caustic soda and chlorine. The lower sulfate 
ion content of such brine materially lengthens 
the period within which an ammonia still, par 
ticularly the lime section thereof, may remain 
in service before removal of the calcium sulfate 
deposit becomes necessary. Moreover, it is found 
that the use of such puri?ed brine in the elec 
trolytic process for the production of caustic soda 
and chlorine materially lengthens the life of the 
carbon electrodes employed in the electrolytic 
cells. 
A further advantage obtains in the method of 

the present invention in that the two-step puri 
?cation process of the prior art, which requires 
relatively large equipment in order to process a 
large volume of sodium chloride brine, is re 
placed by a one-step process. In effect, this al 
lows the manufacturer of soda ash or caustic 
soda by the electrolytic method substantially to 
double the brine treating capacity of existing 
equipment. Further, it is of signi?cance in the 
method of the present invention that the one 
remaining step in the commercial puri?cation of 
brine for the production of caustic soda is sub 
stantially identical with the second of the two 
steps of the prior art method and hence, no new 
or additional processing equipment is required to 
practice the method of the present invention and 
substantial economic advantage thereby obtains. 
In order that those skilled in the art may bet~ 

ter understand the method of the present inven~ 
tion and in what manner the same may be car 
ried into effect, the following speci?c example is 
oil'ered: 

E (1107721916 

A body of solution of hydrated calcium oxide 
(containing 1.18 gms. per liter of calcium oxide) 
and an equal volume of distilled water are each 
brought into dissolving contact with separate 
masses of granulated rock salt having the fol 
lowing analysis: 

Water insolubles _____________________ __ 0.46% 

Calcium ion _________________________ __ 0.44% 

Magnesium ion ______________________ __ 0.04% 

Sulfate ion ___ 0.96% (1.36% as calcium sulfate) 

In each experiment, the amount of salt em 
ployed is in excess of the amount soluble in the 
volume of solvent with which such salt is in con 
tact. The solutions are gently agitated periodi 
cally and the brine thus formed allowed to re 



main. in vcontact with the ' granulated-rocksalt;to; 
determinethe increase‘, if any,"of:..the sulfatei ion. 
concentrationof the brine solution withithe. pas-.1 
sage of time. Samples "of the brine are‘rtaken 
from time to time and the sulfate content there-i.’ 
of determined and‘ calculated as calcium sulfate. 
The results of this procedure are set forth in the 
following table : 

g./l..SOi Calculated as 
C3304 

Time (Hours) 
_ Test 11 

Blank sample 

0. 78 0. 26 
l. 40 0. 38 
l. 82 O. 72 
2. 02 Y 0. 94 
2. 36 1. 20 
2. 54 I 1. 24. 
2. 94 1. 75 

These experiments are conducted under condi 
tions comparable to those existing in the-two 
principal methods of obtaining'brine from solid 
rock salt. Thus, in the method. employing gran 
ulated rock salt, such rock saltis placed. .in a dis 
solving tank having a false bottom of perforated 
metal or ceramic material, the amount of salt 
being in excessTof-that which will-dissolve in a 
volume of water equal to that of the volume of 
the tank. Water from any suitable source having 
dissolved therein about 1.2 g./l. of CaO (1.5 .g./l. 
Ca(OH) 2) is brought into ‘dissolving contact with 
the-saltin the tank andv intermittently :agitated 
until a saturated brine is obtained. Thereafter, 
puri?ed brine is withdrawn-as needed by allow 
ing the brine to flow through the mass of granu 
lated salt; insoluble impurities for the mostpart 
settle-into the compartment beneath’the false 
bottom of the tank. More granulated salt. and 
water containing dissolved Ca(OH)z are added 
to the tankas needed from time to time. Puri 
?ed brine withdrawn from the compartment of 
the tank‘beneath the false.bottommthereofis 
carbonated by the addition to such brine of an 
amount of alkali metal carbonate or ammonium 
carbonate in excess of that required to precip 
itate the residual calcium ion content of the brine 
and the calcium carbonate formed as a result 
of such addition separated from the brine by 
?ltration. 

In the hydraulic mining method of obtaining 
brine from a subterranean deposit of salt, water 
containing about 1.2 g./l. of dissolved CaG (1.5 
g./l. C‘a(OlI-I)2) is pumped into the subterranean 
salt deposit and remains in contact with the salt 
for a time sufficient substantially to saturate the 
water with sodium chloride; the brine thus 
formed is forced to the earth’s surface, car 
bonated in the manner described above, and 
thereafter delivered to an ammonia-soda process 
operation or to electrolytic cells for the elec 
trolysis of brine. 
The data set forth in the table above include 

the extremes of these two aspects of the present 
method for obtaining sodium chloride brines. In 
the ?rst aspect, the brine is in dissolving contact 
with the impurities of the salt for relatively short 
periods of time, comparable to conditions obtain 
ing when the data in the upper half of the table 
were taken. In the second aspect of the method, 
Where salt is dissolved from a subterranean de 
posit thereof, the brine may remain in dissolving 
contact with impurities in the salt for much 
longer periods of time, comparable to conditions 
obtaining when the data in the lower half of the 
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table: were taken; . This isiparticularly. true‘ where 
there‘ is'ia ‘very large; cavity. in the. salt deposit into 1 
which :thelime-containing water ‘is pumped. In; 
fact, a given portion of salt brine may remain 

1 within 'azcavity'for periods calculated to be the 
order. of bne..year',;'depending. upon the .sizeand 
shape'tof. ‘the, ‘cavity. and characteristics :of :they 
?uid circulation therewithin, although the. given. 
portion:of; brine isnot indissolving contact with 
iimpurities .of: the salt deposit during the entire 
period ofztime.v 

In either useof the method, from the table-of 
data r-igi'ven'. above,’ it is. apparent that the sulfate: 
ion: concentration ‘of :the. brine is 'diminishedrby‘ 
%'1'~to1..1/2; of thatv'acquired by brine obtained from 
waterrto rwhich.‘ CaO has ‘not. been. added, even; 
where the brine cremains in dissolving. contact 
withrth'e . impurities of. thez'salt' for extended:v 
periods of time. 
Whilethere has been'described an embodiment 

of‘ the‘ invention,"-the methods described are‘ not 
intended to be'understood as limiting the scope 
of the‘ invention as‘ ‘it is realized that. changes 
therewithin‘are'possible and it is further intend 
ed that each-‘element recited in any of'the follow-v 
ing claims is to-be understood asrei‘erring to all 
equivalent elements for accomplishing substan 
tially the same results in substantially the same or 
equivalentmannerjt beingintended to cover the 
inventionbroadlylin whatever form its principle 
may be utilized; . 
What is claimed is z: 
1. The method :or making a substantially'satue 

rated sodium chloride brine from ‘solid-sodium. 
‘chloride contaminated ’ with. impurities ‘includ 
ing sulfate'calciu'm, and magnesium" salts, which " 
brine contains reduced amounts of said impuri~ 
ties,'which includes the steps of contacting a body 
of such'contam'inated solid salt with a solution of ' 
‘calciumhydroxide in‘ water, dissolving said salt 
therein until 'sodium chloride saturation is ob~' 
tained,- removing» the salt-containing solution 
from-contact withsaid solid salt and impurities,‘ 
introducing -'a calc'iumprecipitating agent into J 
said solution to precipitate a calcium salt from 
said solution, and separating said calcium salt 
from said solution. 

2. The method of making a substantially satu 
rated sodium chloride brine from solid sodium 
chloride contaminated with impurities including 
sulfate, calcium, and magnesium salts, which 
brine contains reduced amounts of said impuri 
ties, which includes the steps of contacting a body 
of such contaminated solid salt with a solution of 
calcium hydroxide in water, dissolving said salt 
therein until sodium chloride saturation is ob 
tained, removing the salt-containing solution 
from contact with said solid salt and impurities, 
introducing a salt providing carbonate ions into 
said solution to precipitate calcium carbonate 
from said solution, and separating said calcium 
carbonate from said solution. 

3. The method of making a substantially satu 
rated sodium chloride brine from solid sodium 
chloride contaminated with impurities including 
sulfate, calcium, and magnesium salts, which 
brine contains reduced amounts of said impuri 
ties, which includes the steps of contacting a body 
of such contaminated solid salt with a solution of 
calcium hydroxide in water, dissolving said salt 
therein until sodium chloride saturation is ob 
tained, removing the salt-containing solution 
from contact with said solid salt and impurities, 
introducing a calcium precipitating agent selected 
from the group consisting of alkali metal and am 
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monium oxalates, phosphates, and carbonates in 
to said solution to precipitate a calcium salt from 
said solution, and separating said calcium salt 
from said solution. 

4. The method of making a substantially satu 
rated sodium chloride brine from solid sodium 
chloride contaminated with impurities including 
sulfate, calcium, and magnesium salts, which 
brine contains reduced amounts of said impuri 
ties, which includes the steps of contacting a 
body of such contaminated solid salt with a solu 
tion of calcium hydroxide in water, dissolving 
said salt therein until sodium chloride saturation 
is obtained, removing the salt-containing solu 
tion from contact with said solid salt and impuri 
ties, introducing a phosphate ion yielding salt in 
to said solution, precipitating calcium phosphate 
therefrom, and separating said calcium phos 
phate from said solution. 

5. The method of making a substantially satu 
rated sodium chloride brine from solid sodium 
chloride contaminated with impurities including 
sulfate, calcium, and magnesium salts, which 
brine contains reduced amounts of said impuri 
ties, which includes the steps of contacting a body 
of such contaminated solid salt with a solution of 
calcium hydroxide in water, dissolving said salt 
therein until sodium chloride saturation is ob 
tained, removing the salt-containing solution 
from contact with said solid salt and impurities, 
introducing ammonia and carbon dioxide into 
said salt solution to precipitate calcium carbonate 
therefrom, and separating said calcium carbonate 
from said solution. 

6. The method of making a substantially satu 
rated sodium chloride brine from solid sodium 
chloride contaminated with impurities including 
sulfate, calcium, and magnesium salts, which 
brine contains reduced amounts of said impuri 
ties, which includes the steps of contacting a 
body of such contaminated solid salt with a solu 
tion of calcium hydroxide in water, dissolving said 
salt therein until sodium chloride saturation is 
obtained, removing the salt-containing solution 
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from contact with said solid salt and impurities. 
introducing sodium carbonate into said solution 
to precipitate calcium carbonate therefrom, and 
separating said calcium carbonate from said 
solution. 

ALFRED HmSCH. 
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